INTRODUCTION
Human adenoviruses (HAdVs) are non-enveloped DNA viruses that have been extensively studied and used as vectors for vaccine and gene delivery. The major limitation of the most well-studied adenovirus type 5 (Ad5) vaccine vector is the high titres of naturally occurring Ad5 neutralizing antibodies (NAbs) in human populations, particularly in the developing world (Mast et al., 2010; Yu et al., 2012b) . Baseline Ad5 NAbs have been shown to suppress the immunogenicity of recombinant Ad5 (rAd5) vector-based vaccines for HIV-1 in both preclinical studies (Casimiro et al., 2003; Roberts et al., 2006) and clinical trials (Buchbinder et al., 2008; Kolavic-Gray et al., 2002; Priddy et al., 2008) . To address this and other problems with rAd5 vectors, alternative human serotype rAd vectors (Abbink et al., 2007; Barouch et al., 2004; Vogels et al., 2003) , hexon-chimaeric rAd vectors (Roberts et al., 2006) and rAd vectors derived from other species (Farina et al., 2001; Fitzgerald et al., 2003) have been constructed. All of these studies highlight the importance of understanding differences in virulence and seroepidemiology among the various Ad serotypes.
Currently, 57 human Ad serotypes are defined and distributed into seven species (or subgroups) from A to G (Walsh et al., 2011) . Rare serotypes such as Ad14 and Ad55 have been considered to be responsible for most of the outbreaks of acute respiratory disease among school and military recruits, and an emerging variant (HAdV14p1) was associated with high rates of illness and death in the USA and Europe (Carr et al., 2011; Zhang et al., 2012) . Diagnosis of Ad infections is currently based on virus isolation in cell culture and genus-specific antibody and antigen detection by enzyme immunoassays (Weinbergserotype of another subgroup (Hierholzer et al., 1991) . Thus, Ad serotypes are determined based on inhibition by specific immune sera and phylogenetic analysis of DNA sequences (Takeuchi et al., 1999) , while serotype-specific NAbs are detected by viral vector-based neutralization assays (Aste-Amézaga et al., 2004; Sprangers et al., 2003) . These Ad typing methods have been used in epidemiological studies on the prevalence of pre-existing NAbs to several conceptually interesting vaccine vector candidate types (Mast et al., 2010; Pereira, 1959) . Although neutralization assays are efficient means for detecting specific antibodies against each Ad serotype, they are cumbersome and expensive to perform. Therefore, more convenient typing methods for NAbs are needed to analyse Ad serotype infections.
There are three major capsid proteins on Ad particles: fiber, penton base and hexon. Both the fiber and hexon proteins contain group-specific as well as type-specific epitopes (Norrby, 1969; Rux & Burnett, 2000) . The fiber protein is composed of three portions, a tail anchoring the fiber into the vertex capsomer, a shaft and a knob containing the domain responsible for interaction with the host cell receptor (Khare et al., 2011) . The globular knob domain in the carboxy-terminal segment of the fiber protein includes 175-220 aa, which vary among different serotypes. Our prior studies have emphasized the contribution of anti-fiber antibodies to Ad5 neutralization responses generated during natural viral infection and rAd5 immunizations, and other groups also showed that the trimeric knob was preferentially recognized by fiberinduced NAbs (Gahéry-Ségard et al., 1998; Yu et al., 2013) . We demonstrated that NAbs against fiber or knob are commonly generated in natural Ad infection in humans and observed no cross-immunity of the sera naturally infected with Ad2 and Ad5 (both species C) by reactivity with two trimeric knob antigens in Western blotting assays (Yu et al., 2013) .
In this study, we further analysed the cross-reactivity of the trimeric knob with rabbit hyperimmune sera among HAdV-A-F and attempted to establish a knob-based ELISA for Ad epidemiological studies. We showed that the stable trimeric knob protein was specifically recognized by Ad NAbs in all six species especially in HAdV-C, indicating that it would be a good candidate antigen to detect serotype-specific NAbs in natural Ad infection and rAd vaccination.
RESULTS

Expression of trimeric knob proteins used for serotype-specific NAb detection
Prior phylogenetic analyses of fiber knob amino acid sequences derived from 45 serotypes of HAdV-A-F showed a good correlation with the classification based on classical subtyping assays (i.e. haemagglutination inhibition and cross-neutralization assays) (Havenga et al., 2002) . While the identities between the knob sequence of Ad4 in species E and the serotypes of HAdV-C are very high, the genome sequence of Ad4 is more closely related to Ads of species B. In order to analyse the species (HAdV-A-F) and serotype cross-reactivity of the knob proteins with rabbit hyperimmune sera or Ad NAbs, nine representative Ad serotypes of each species (HAdV-A, Ad12; HAdV-B, Ad3; HAdV-C, Ad1, 2, 5 and 6; HAdV-D, Ad37; HAdV-E, Ad4; HAdV-F, Ad41) were selected to derive the knob antigens (only the long fiber knob of Ad41 was used for the analysis as it has an analogous function with other types) and rabbit polyclonal sera. To obtain the trimeric knob protein, the knob domains with the last repeat in the shaft of the fiber were expressed as His-tagged fusion proteins in Escherichia coli. As shown in Fig. 1(a) , all of the knob proteins of the indicated types migrated as trimers in the native gel, and these trimeric proteins were stable even in the presence of 1 % SDS in this study. The trimerization of the purified proteins was also confirmed by size-exclusion chromatography (data not shown). After immunization with these purified trimeric proteins in rabbits, NAbs against Ad2 and Ad5 were found (we only have rAd2-luc and rAd5-luc) in the corresponding hyperimmune sera and showed no cross-neutralization among these Ad serotypes even within the same species (Fig. 1b, c) . These results further confirmed that trimeric knob proteins can induce serotypespecific Ad NAbs as we have described previously (Yu et al., 2013) .
Reactivity of rabbit hyperimmune sera raised against trimeric knob antigens or whole virions displaying knob antigens To confirm that the trimeric knob protein can serve as an antigen for distinguishing serotype-specific responses, rabbit hyperimmune sera directed against various knob antigens were tested for cross-reactivity. The rabbit Ad5 knob antiserum recognized the monomeric knob antigens of all nine serotypes but only reacted strongly to the trimeric form of Ad5 knob protein; this reaction pattern was similar to that of rabbit and human antisera raised against Ad5 virions (Fig. 2a) . Furthermore, no or very weak crossreactivity of the trimeric knob protein of Ad2 and Ad5 was shown with antisera raised against the trimeric knob antigens or whole virions of other Ad serotypes (Fig. 2b) . The reactivities of sera raised against recombinant knob antigens or against purified virions with trimeric knob proteins of nine Ad serotypes are summarized in Table 1 . Only a few serum samples raised against recombinant proteins weakly cross-reacted with trimeric knob from other serotypes in the same Ad species at serum dilutions of 1 : 10 2 to 1 : 10 4 . By contrast, antisera raised against whole virions showed stronger and more specific levels of reactivity with the corresponding trimeric knob proteins. Overall, these results indicated no cross-immunity in rabbit antisera raised against HAdV-A-F species with trimeric knob proteins of HAdV-C and the representative antigens of other species.
Use of knob proteins for detection by ELISA of NAbs in human sera after natural Ad infection After demonstrating the specificity of the trimeric knob proteins using the Ad rabbit hyperimmune sera above, we set out to establish an ELISA system for typing Ad NAbs in human sera. To determine the reliability of the ELISA method using knob as the antigen for detecting Ad NAbs, 496 serum samples from healthy donors in China were first screened for the prevalence of Ad2 and Ad5 NAbs by a luciferase-based neutralization assay. As shown in Fig. 3(a) , Ad2 and Ad5 seroprevalence rates were 69.39 % and 57.25 % in all subjects, respectively. It was found that 54.06 % of participants had baseline Ad2 NAb titres .200, compared with 43.64 % for Ad5. To determine the optimal serum dilution for the knob-based ELISA, 24 serum samples were selected at random from each Ad5 NAb titre group and diluted at 1 : 20, 1 : 100 and 1 : 1000. The dilution of 1 : 100 was found to be suitable for detecting NAbs in human sera by ELISA, since A 450/630 measurements of the sera showed a relatively good correlation with different NAb titre groups (,20, 20-200, 201-1000 , .1000) (Fig. 3b) . Subsequently, all human sera were tested by ELISA with Ad2 and Ad5 knob proteins. As shown in Table 2 , the ELISA results were compared with those of the neutralization assays using different cut-off values. When using the neutralization titre of ,20 as the cut-off value for seronegative samples, the seropositivity rate was slightly lower by ELISA, with a coincidence rate of over 80 % compared with the neutralization assay. Meanwhile, the false-negative rates (FNR) were 14.1 % for Ad2 and 14.9 % for Ad5. When using the baseline neutralization titre of 200 as the cut-off value, we found coincidence rates of nearly 90 % for both Ad types. These results indicated that the trimeric knob protein could be used for the detection of serotype-specific NAbs.
Analysis of knob-based ELISA data does not correlate with neutralizing assay
To determine the cause of false-positive results in the Ad5 knob ELISA, the knob proteins of Ad1, 2, 5 and 6 in HAdV-C were used for Western blot analysis of the serum samples. In the .200 titre group, the relatively high falsepositive rate (FPR) of 7.3 % was mainly attributed to the low Ad5 NAb titre (20-200) of sera infected with either Ad5 alone or multiple serotypes (sample serial numbers 11-12 and 2848). However, in the .20 NAb titre group, we found that a few samples with high infection levels of other serotypes such as Ad1 in HAdV-C seemingly could cause the positive responses to Ad2, -5 and -6 (sample 2746) (Fig.  4a) . To determine the extent of this cross-reactivity, a total of 100 Ad2 seropositive samples (not tested in neutralization assays with other rAds) with NAb titres .20 or .200 were tested with the Ad5 knob protein by ELISA and Ad5 neutralization assay. The results showed that 46 serum samples with NAb titres .20 were detected by the Ad5 knob protein ELISA, three of which were not detected by the neutralization assay (Fig. 4c) . Meanwhile, 40 serum samples with NAb titres .200 were detected by the Ad5 knob protein ELISA, nine of which were not detected by the neutralization assay (Fig. 4b) . Further analysis by Western blotting showed that only three of the 12 samples which had not been detected by the Ad5 neutralization assays were false positives in the Ad2 neutralization assay (data not shown). To analyse the detection efficiency of the knob-based ELISA, all of the false-negative samples (n510, 2 %) in the NAb titre .200 group were analysed by Western blot using native knob, hypervariable region (HVR) and virions for analysis of fiber-and hexon-specific antibodies as described previously (Yu et al., 2013) . Results showed that all of these samples were anti-knob and anti-HVR negative but were anti-fiber positive, and four of them were antihexon positive (Fig. 4e) . Nearly all of the samples had NAb titres ,1000, with median titres of 376±32 and 569±26 for the groups with cut-off titres (mean±SEM) of .20 and .200, respectively (Fig. 4d, f) . These results indicated that some serum samples with relatively low Ad5 NAb titres did not have NAbs against fiber (knob) and hexon (HVR) and could not be detected by trimeric Ad5 knob.
Prevalence of Ads detected by knob-based ELISA
As children are less likely to have multiple Ad infections, sera from 274 children from Jilin province (north-east China) were screened for the prevalence of Ad antibodies by ELISA using knob proteins of Ad1, Ad2, Ad3, Ad4, Ad5, Ad6, Ad12, Ad37 and Ad41 (Table 3) . For Ad1, Ad3, Ad4, Ad6, Ad12, Ad37 and Ad41, 36 serum samples from 7-12-month-old infants were considered as negative controls and used to determine the cut-off value (removal of very high optical density measurements), since the seroprevalence of Ad2 and Ad5 was very low in this age group and prior studies have also reported that children in this age group have the lowest levels of Ad NAbs (Appaiahgari et al., 2007; Mast et al., 2010) 
DISCUSSION
Ads are the cause of common upper respiratory infections, and thus most individuals have circulating antibodies to these viruses. Pre-existing immunity to Ad is an important issue in clinical trials with rAd vector-based vaccines as it can limit in vivo delivery of the vectors and gene transfer (Roberts et al., 2006) . Thus, understanding the nature of anti-Ad immunity and mapping the targets of dominant Ad-specific NAbs in human sera is important for the development of vaccines against HIV-1 and other infections or diseases. Our prior studies showed that NAbs against Ad5 fiber or knob are commonly generated in natural Ad infection and preferentially recognize the trimeric knob protein (Yu et al., 2013) . We assumed that the knob protein from different Ad serotypes would specifically recognize NAbs of the same Ad serotype since NAbs induced by different Ad serotypes typically do not show cross-immunity. Although we previously showed that the pattern of reactivity of human sera indicated no crossimmunity against trimeric knob proteins of Ad2 and Ad5 of the HAdV-C species, more knob proteins from other Ad serotypes still needed to be examined to evaluate the crossimmunity of sera raised against viruses in different human Ad species as the widely used classification is based on haemagglutinating antigens (Berk, 2007) .
In this study, we expressed four knob proteins from HAdV-C and another five representative knob proteins of HAdV-A, -B, -D, -E and -F in E. coli to analyse the reactivity and cross-reactivity of NAbs to knob antigens produced in rabbit hyperimmune sera, which may be used to guide investigations on Ad antibodies generated in humans. The pattern of reactivity of the rabbit and two types of human sera (Yu et al., 2013) indicated there was no cross-immunity against trimeric knob proteins of the HAdV-A-F species. In Fig. 2 and Table 2 , Anti-K5, AntiAd5 and hAnti-Ad5 at dilutions of 1 : 100 to 1 : 10 000 Table 1 .
Reactivity of rabbit hyperimmune sera against trimeric knob proteins detected by NDS-Western blotting
Abbreviations for reaction intensity: -, no reaction; +, weak reaction; ++, moderate reaction; +++, strong reaction. All sera were tested at dilutions of 1 : 10 2 to 1 : 10 4 .
Reaction pattern of sera directed against knob proteins or against purified virions 
++/+++
showed different binding activities with these knob proteins in SDS and NDS Western blots. We believe this is related to the fact that when the immunogens were trimeric knob proteins (with adjuvant and other factors), more binding antibodies (IgG) were produced, resulting in crossreactivity in SDS Western blotting. However, antisera raised against whole virions or human sera with natural adenovirus infection produced more NAbs and fewer binding antibodies, and hence showed weaker binding with the denatured proteins but stronger and more specific reactivities with the corresponding trimeric knob proteins, as the trimeric knob proteins are preferentially recognized by NAbs against Ad fiber. These results indicate that the trimeric knob protein would be very suitable for the detection of serotype-specific NAbs in sera of immunocompetent individuals after natural Ad infection and rAd vaccination. The ELISA results of human sera with Ad2 and Ad5 knob were consistent with those of the neutralization assays and the different levels of antibodies to each knob in the same serum sample, further confirming our above hypothesis on knob recognition among Ad serotypes. Additional comparisons among different Ad serotypes could provide further evidence.
Of the more than 50 human Ad serotypes occurring worldwide, the most commonly used rAd vector is Ad5, although its high seroprevalence in the human population has warranted investigations of other serotypes. The evaluation of serotype-specific NAbs as a means of selecting an appropriate serotype adenovector(s) is important for both clinical applications and epidemiological studies (Piedra et al., 1998; Sanchez et al., 2001) . However, the lower replication and difficult construction of some rAds will limit the application of the quantitative neutralization assay based on rAds carrying a reporter gene for additional Ad serotypes. In this study, we developed a knob-based ELISA to determine Ad-serotype-specific antibody responses. By using this assay, we detected NAb seroprevalence of two serotypes (Ad2 and Ad5) from the same species and found that the results had a high correlation with those of the standard neutralization assays although still with a low FPR and FNR caused by dilutions of sera and other reasons. A problem noted with this assay was that it did not detect approximately 10 % of human serum samples in this study determined to be seropositive by the neutralization assay, as the sera did not recognize either the native knob or HVR antigens, which is consistent with previous studies (Cheng et al., 2010) . Further analysis showed that nearly all of these undetected samples had low Table 2 (based on Ad2 and Ad5 neutralization assays). For Ad1, Ad3, Ad4, Ad6, Ad12, Ad37 and Ad41, 36 serum samples from 7-12-month-old infants were considered as negative controls and used to determine the cut-off value. Data of NAb titre .200 for Ad1, Ad3, Ad4, Ad6, Ad12, Ad37 and Ad41 were calculated by the colour reaction relative to that of Ad2 and Ad5.
diagnosis. Nevertheless, since some previous studies showed no influence of low levels of Ad5 NAb on the immunogenicity and protective efficacy of rAd5 vectors in humans and mice (Appaiahgari et al., 2006; Buchbinder et al., 2008) , our new method still could be suitable for testing moderate and high-level Ad infections to guide the application of rAdbased vaccine and gene therapy. Non-capsid-specific humoral immune responses in human sera from natural Ad infection still remain to be studied to find a detection antigen for Ad-seropositive serum samples without NAbs against the capsid protein.
The Ad fiber protein is primarily responsible for the highaffinity attachment of the virus to its receptor expressed on the surface of target cells. The fiber knob domain confers specificity for cellular receptors. Most Ad serotypes including all those within HAdV-C use the coxsackie and Ad receptor (CAR) as the primary attachment receptor (Bergelson et al., 1997; Berk, 2007) . However, the fiber protein of HAdV-D Ad37 can bind to CAR, CD46 and sialic acid, but it appears only able to use sialic acid as a receptor for infection (Arnberg et al., 2000; Wang et al., 2011) . This effect may be due to the very short length of species D fibers with only eight b-spiral repeats. Despite the differences in structure and function, we also found that the trimeric Ad37 knob protein was strongly recognized by serum NAbs induced by Ad37 but not by those of other selected Ads. This result was consistent with our previous speculation and prior studies determining that the receptor binding regions in knob are relatively conservative and that the epitopes are hypervariable and located in the outer loops or uppermost b-sheets in the structure (Marttila et al., 2005; Zhang & Bergelson, 2005) . Therefore, these results indicated that our knob-based ELISA method may be expanded for detection of additional Ad serotypes. Previous studies showed that Ad1, -2, -5 and -6 are ubiquitous, particularly in young children. Antibodies to Ad1, -2 and -5 are most common and are present in 40-60 % of children (Badger et al., 1956; Brandt et al., 1969) , while the incidence of NAbs to Ad26, 35 and 48 is low in the same age group (Barouch et al., 2011; Pereira, 1959) . In this study, we showed an analogous trend in Chinese children with apparently higher seroprevalence of Ad1, -2, -5, -6 and -37 than those of Ad3, -4, -12 and -41.
In conclusion, this study highlights the utility of trimeric knob proteins to analyse serotype-specific NAbs in HAdV-C and other species. Furthermore, we have shown that the knob-based ELISA can be used to test the prevalence of several Ad serotypes. Our study contributes to the understanding of natural Ad capsid-specific humoral immune responses and serotype-specific NAbs in humans and may have implications in the seroepidemiology of Ads.
METHODS
Cell lines and serum. Human embryonic kidney (HEK) 293 cells were obtained from the American type Culture Collection (ATCC, Manassas, VA, USA). All cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Invitrogen) containing 10 % fetal bovine serum (FBS; Hyclone), 2 mM L-glutamine, 100 U penicillin ml 21 and 100 mg ml 21 streptomycin (Invitrogen).
Recombinant Ad antigens. The sequence of Ad knob including the last repeat in the shaft of the fiber (Seiradake et al., 2006; Hung-Yueh et al., 1994) was cloned into the pRSET-B plasmid (Invitrogen) at the NcoI and XhoI restriction sites. The plasmid containing an N-terminal His tag was expressed in BL21 cells (Invitrogen) overnight at 16 uC. The pellet from a 2 l culture was treated with 1 mg lysozyme ml 21 on ice and sonicated 10 times for 10 s each time. After centrifugation at 40 000 g for 30 min, 10 mM imidazole was added to the soluble fraction at 4 uC with gentle stirring. The resin was filled in a small polyethylene column and washed with 20 mM imidazole in a buffer containing 25 mM Tris/HCl (pH 7.5) and 150 mM NaCl. The protein was eluted with 500 mM imidazole in the same buffer and analysed by SDS-PAGE. The Ad5 hexon HVR protein was expressed as described previously (Yu et al., 2012a) .
Hyperimmune sera. Rabbit polyclonal sera directed against the knob proteins of Ad1, Ad2, Ad3, Ad4, Ad5, Ad6, Ad12, Ad37 and Ad41 were produced in rabbits given three immunizations with purified proteins (300 mg per injection) together with Freund's complete and incomplete adjuvants. All animal studies were approved by the University Committee on the Use and Care of Animals of Jilin University. Anti-Ad1, Ad2, Ad3, Ad4, Ad5, Ad6, Ad12, Ad37 and Ad41 rabbit polyclonal antibody sera were gifts from Panyong Mao (Beijing 302 Hospital, Beijing, China).
Human serum. Human serum samples were collected randomly during 2010-2011 in China by the Provincial Centers for Disease Control and Prevention. Donors of both sexes ranged in age from 1 day to 78 years and had no history of febrile illness during the few weeks preceding sample collection. Informed consent was obtained from all participants or their guardians in written form to utilize the serum samples in Ad neutralization assays, as approved by the Human Ethical Committee Institutional Review Board, Jilin University, China. All human sera were inactivated at 56 uC for 60 min prior to testing.
Adenovirus infection assay. HEK293 cells were grown in six-well plates and were infected with the Ad vectors at an m.o.i. of 10 with or without rabbit anti-knob sera. After incubation at 37 uC for 48 h, the cytopathic effect (CPE) of 293 cells was observed at a low magnification (6200) by microscopy.
Virus-neutralization assays. Ad-specific NAb titres in human serum samples and rabbit hyperimmune sera were assessed by luciferase-based assays as described previously (Sprangers et al., 2003) . HEK293 cells were plated at a density of 1610 4 cells per well in 96-well plates and infected with replication-incompetent rAd-luc reporter constructs at an m.o.i. of 500 with twofold serial dilutions of serum in 200 ml reaction volumes. Following 24 h incubation, luciferase activity in the cells was measured using the Steady-Glo Luc reagent system (Promega) with a Victor 1420 Multilabel Counter (Perkin Elmer). Neutralization titres were defined as the maximum serum dilution that inhibited 90 % of luciferase activity.
Western blotting analysis. SDS-PAGE was performed on 12 % SDS-polyacrylamide gels. Samples were denatured by boiling at 98 uC in Laemmli buffer (62.5 mM Tris/HCl pH 6.8, 2 % SDS, 1 % bmercaptoethanol, 25 % glycerol, 0.01 % bromophenol blue) prior to electrophoresis. NDS-PAGE was similar to SDS-PAGE, except that the samples were neither boiled nor exposed to b-mercaptoethanol in order to retain stable trimeric proteins. Native-PAGE differed from SDS-PAGE in that the proteins were not denatured by boiling prior to electrophoresis on SDS-free 6-8 % Tris/acetate gels (Invitrogen) and running buffer, and the samples were diluted in native buffer (62.5 mM Tris/HCl pH 6.8, 40 % glycerol, 0.01 % bromophenol blue).
Protein samples were electrophoresed by SDS-PAGE, NDS-PAGE or Native-PAGE and transferred to nitrocellulose membranes for Western blotting. SDS was not added into the transfer buffer (39 mM glycine, 48 mM Tris/HCl, 20 % methanol, pH 9.2) when proteins were separated by Native-PAGE. Membranes were incubated with different human, rabbit and mouse sera overnight at 4 uC in PBS containing 1.0 % milk and then subsequently incubated with ImmunoPure alkaline-phosphatase-conjugated goat anti-rabbit IgG secondary antibodies (Jackson ImmunoResearch Laboratories) at a 1: 10 000 dilution for 1 h. The colour reaction was developed with 0.1 M Tris/HCl (0.1 M NaCl, 5 mM MgCl 2 , pH 9.5) containing 0.66 % nitro blue tetrazolium (NBT) solution and 0.33 % BCIP solution.
ELISA. Serum antibody titres were measured by ELISA using an HRP detection system. Each well of 96-well polyvinylchloride microtitre plates was coated with knob proteins (200 ng 100 ml 21 ) in carbonatebicarbonate buffer (pH 9.6) overnight at 4 uC. The plates were then washed three times with PBS-T (20 mM PBS containing 0.05 % Tween-20) and blocked with 2 % BSA/PBS-T at 37 uC. After three washes, different dilutions of serum were added to the plate (100 ml per well) and incubated for 1 h at 37 uC. After another three washes, a 1:100 000 dilution of HRP-conjugated goat anti-human IgG (Proteintech Group) was added to each well and incubated for 1 h at 37 uC. After the final three washes, 3,39,5,59-tetramethylbenzidine (TMB) peroxidase substrate was added to the plates, incubated for 15 min in a darkroom, stopped with 50 ml of 2 M H 2 SO 4 and analysed using dual wavelengths of 450/630 nm with an iMark Microplate reader (Bio-Rad).
